Background: Amelioration effect of Auricularia polytricha water extract (AP) on hepatic injury in an animal model of NAFLD was investigated. Methods: Forty six-week-old Wistar rats were housed and thirty-two fed ten percent lard high-fat diet to induce NAFLD. After eight weeks of induction, animals were divided into five groups of eight rats each: normal control, high-fat diet, RN (reversion to a normal diet), 1× AP (normal diet plus 0.75% AP, w/w), and 2×AP (normal diet plus 1.5% AP). Animals were sacrificed four weeks later. Results: Rats receiving either 0.75% or 1.5% AP exhibited effective interruption of NAFLD progression, as evidenced by decreased lipid accumulation and elevated antioxidative status. Histological examination proved AP anti-inflammatory function and lower level of related markers for tumor necrosis factor-α and interleukin-6. Besides abundant polysaccharides against lipid accumulation, AP had a specific high level of phenolic compounds and tannins thus may be a potent anti-inflammatory and antioxidative agent. Conclusion: Findings suggest that under normal diet recovery, AP supplement may represent novel, protective material against NAFLD by attenuating inflammatory response, oxidative stress and lipid deposition.
Introduction
Non-alcoholic fatty liver disease (NAFLD) involves progressive liver damage mainly caused by high dietary intake of cholesterol and saturated fat [1] . Ludwig and colleagues coined the term upon discovering macrovesicular lipid droplets, cell necrosis, inflammation, and sinusoidal fibrosis in 20 female diabetics who were not habitual alcohol consumers [2] . Besides non-alcoholic steatohepatitis (NASH), fatty liver, fibrosis, and cirrhosis are all part of NAFLD. Insulin resistance, oxidative stress, and inflammation play key roles in NAFLD progression [3] , yet diverse etiologies exist. Most widely accepted is a two-hit hypothesis [4] : [5] obesity, hyperlipidemia, and diabetes induce hepatic fat accumulation; [6] fat amassed results in lipid peroxidation in hepatic cell membranes, releasing proinflammatory cytokines and activating stellate cells. The double invasion contributes to a series of immune responses: e.g., permeable fat infiltration, inflammatory response, cell necrosis, apoptosis. In brief, two-hit hypothesis entails hepatic fat deposition and lipid peroxidation due mainly to unbalanced nutrient intake. Dietary adjustment or specific functional food supplementation, it is believed, can benefit patients by postponing or even reversing pathological progression [7] .
It is well known that edible mushrooms are low in calories and rich in polysaccharides, proteins, vitamins, and minerals. polysaccharides, polyphenols, tannins, etc. [8] . Polysaccharides, especially soluble ones, are primary active components of AP and AA, as discussed in previous studies [9, 10] . In addition to polysaccharides, polyphenols and tannins are also important elements in the genus. Moreover, early research mostly focused on the health-promoting effects of AA, with little discussion of the function of AP.
Recently, antitumor effect, immunomodulation, and free radical scavenging of AP was investigated [11] [12] [13] , unearthing evidence that active components of AP might have capacity to protect against the two-hit theory of NAFLD. Our laboratory analysis indicates AP aqueous extract (AP) having more active compounds and stronger radical-scavenging abilities than AA aqueous extract ( 
Materials and methods

Chemicals and Reagents
For biochemical analysis, DiaSys system kits for 
Plant Extract Preparation
A commercially cultivated strain of AP was purchased from Jhongpu Township, Chiayi, Taiwan, extraction procedure modified from that of Puttaraju and colleagues [13] . Briefly, rehydrated fruiting bodies were steeped in reverse osmosis (RO)
water (5 times sample volume) at 126 ºC, high pressure (1.2kg/cm 2 ) for 30 min, and ultrasonicated for 1 h. After proper filtration (130-140 mesh), AP was spray-dried and ground to fine powder (0.4mm).
Animals and Treatment
Forty six-week-old, male Sprague-Dawley rats were purchased from the National Laboratory Animal Center (Taipei, Taiwan).
After a week of acclimation, 32 animals were fed a high-fat diet containing 88% laboratory rodent chow, 10% lard, and 2% cholesterol, to induce NAFLD [14] . The remaining eight rats were fed a laboratory rodent chow as normal controls. After eight weeks' induction, thirty-two rats were divided into groups:
high-fat diet (HFD), reversion to rodent chow diet (NR), 1× AP (0.75% AP in chow diet, w/w), and 2× AP (1.5% AP in chow diet, w/w). Animals were subsequently fed designated diets for four weeks, then sacrificed; blood and liver samples were collected after study. The Institutional Animal Care and Use
Committee of China Medical University approved animal protocols. was read at 500 nm and 37 °C, VLDL-C calculated as total cholesterol-(HDL-C + LDL-C).
Plasma and Liver Analysis
2.6.
Plasma and hepatic triglyceride concentrations 
Lipid peroxidation
Lipid peroxidation was adapted from Mihara et al. [16] : 100 microliters of serum or liver homogenates placed in a glass tube and mixed with 0.22% sulfuric acid (catalog no. 320501, Sigma-Aldrich, USA), 10% phosphotungstic acid (catalog no.
P4006, Sigma-Aldrich), and 0.67% thiobarbituric acid (catalog no. T5500, Sigma-Aldrich). 1-Butanol (catalog no. 360465, Sigma-Aldrich) was added after 95 °C water bath for 1 h, supernatant absorbance read by fluorometer (excitation 515 nm, emission 555 nm), results based on standard curve.
Plasma level of vitamin C
Plasma (100 microliters) was added to 900 μL methanol, then mixed well at 4 °C. Supernatant collected after centrifuge at 3000 rpm was filtered and injected into high-performance liquid chromatography (HPLC, with L-7100 pump and L-7420 UV-VIS detector, Hitachi, Japan) for analysis. Mobile phase contained methanol, deionized water, and glacial acetic acid (80:
17.5: 2.5); C-18, 5-μM, 25-cm column (CA#:581325-U, Ascentis, UK) was used for analysis at 254 nm.
Plasma and liver vitamin E concentrations
Proper 50 μg/mL DL-α-tocopheryl acetate amounts (internal control, catalog no. T3376, Sigma) and 600 mL hexane (catalog no. 650552, Sigma-Aldrich) added to 200 μL of plasma samples or brain homogenates were mixed well. Superscripts were collected after centrifuge at 10,000 rpm for 10 min, methanol Ascentis, UK ) was used for separation.
Free fatty acids (FFAs)
This study used an FFA assay kit (catalog no. 700310, Cayman, USA). FFAs in plasma formed acyl CoA after catalyzation by acyl CoA synthetase. Acyl CoA oxidase subsequently oxidized acyl CoA to hydrogen peroxide. Product generated fluorescent resorrufin detectable at excitation 530 nm and emission 585 nm.
Superoxide dismutase (SOD)
This study used a SOD assay kit (catalog no. 706002, Cayman).
Tetrazolium salt reacts with superoxide and needs SOD to form superoxide; it forms yellow formazan dye at 450 nm.
Absorbance represents clearance of superoxide by SOD, expressed as U/mg protein.
Catalase
Our study used a catalase assay kit (catalog no. 707002, Cayman). As catalase catalyzes hydrogen peroxide to water, remaining hydrogen peroxide reacts with methanol and Purpald (4-amino-3-hydrazino-5-mercapto-1, 2, 4-trizole) to yield purple-colored bicyclic aldehyde. The complex was detected at 540 nm, expressed as μmol/min/mg protein to reflect catalase activity in liver tissues.
Glutathione reductase (GR)
A GR assay kit (catalog no. 703202, Cayman) was used for analysis. As GR catalyzes oxidized GSSG to reduced form, GSH, colored NADPH forms colorless NADP + at 340 nm. Decrease in absorbance represents GR activity, value expressed as nmol/min/mg protein.
Glutathione peroxidase (GPx)
A GPx assay kit (catalog no. 703102, Cayman) served for analysis. Basically, reduced glutathione (GSH) in the liver turned into oxidized form whenever GPx catalyzed hydrogen peroxide to water. Decreasing rate of NADPH was measured at 340 nm, whenever oxidized GSSG returned to its reduced form, value expressed as nmol/min/mg protein.
2.16.
Plasma level of interleukin (IL)-6
A rat IL-6 Platinum ELISA kit (catalog no. BMS625TWO, BenderMedsystem, Austria) served for analysis. Tissue homogenates were applied to a 96-well plate pre-coated with a rat IL-6 antibody. Biotinylated conjugates and streptavidin-HRP were added to bind the first antibody. Finally, tetramethyl-benzidine was applied to form a purple-colored complex, the absorbance read at OD of 450 nm.
Tumor necrosis factor (TNF)-α
Our study used a rat TNF-α ELISA kit (catalog no. ERT2010-1, Table 2 depicts growth and feed efficiency of animals fed a high-fat diet as significantly higher than those of any other group. Subsequently, only the 2×AP group had significantly recovered food efficiency induced by high-fat diet by the end of the study. Liver weight and hepatosomatic index (liver weight/body weight) of animals that reverted to normal fat diet (RN, 1×AP, and 2×AP groups) were all significantly lower than those of the HFD group. However, levels in these groups had not returned to normal by the end of the study. 
Results
Feed efficiency and animal growth
Biochemical data
As seen in Table 3 , AST, ALT, plasma triglyceride, total cholesterol (TC), VLDL-C, LDL-C, FFAs, and lipid peroxidation levels all rose after eight weeks of high-fat induction, whereas HDL-C level significantly dropped. After returning to a normal-fat diet for four weeks, only plasma TC and LDL-C levels had decreased, while the HDL-C level slightly increased. APE supplementation with a normal diet produced obvious improvements in all blood lipid levels and marker of lipid peroxidation. For blood sugar control, APE supplement improved more than the dietary recovery group in fasting blood sugar and HOMA-IR (Table 4) . Amounts of inflammatory markers, TNF-α and IL-6, in plasma were also rated. Data showed prominent changes on both TNF-α and IL-6 plasma levels after APE supplementation (p<0.05). For hepatic lipids, reverting to normal diet was definitely an effective way to regress. Still, AP supplementation further decreased cholesterol level below that of the RN group; 2×AP group displayed even lower hepatic triglycerides, which had almost reverted to normal.
Hepatic lipids, antioxidative status, and CYP 4A protein expression
A high-fat diet dramatically decreased SOD, GPx, and GR activities with higher cholesterol, triglyceride and lipid peroxidation (MDA) levels. Upon reversion to normal diet, all enzyme activities improved. With further addition of 1.5% AP, GPx and GR activities even returned to normal, which saved vitamin E consumption. Serum vitamin C and E concentrations were kept under AP supplementation. Even hepatic vitamin E level might not be fully recovered by normal diet plus AP intervention, vitamin E levels in 1×AP and 2×AP groups were significantly higher than HFD group. CYP 4A is another identical biomarker for NAFLD. As seen in Figure 1 , CYP 4A protein was highly expressed in all experimental groups fed the high-fat diet. This induction continued to the end of the experiment. Data presented as mean ± SEM. Superscripts represent statistically significant differences among groups. p<0.05 N: normal dietary group, HFD: high fat diet group, RN: normal diet revert group, 1×AP, and 2×AP: normal diet recovery supplemented with 0.75%(w/w) and 1.5% (w/w) AP.
Histological observation
Histological data also proved efficacy of AP at hepatoprotection.
According to Brunt and colleague's assessment method, the HFD group exhibited grade 3 fatty liver and grade 2~3 inflammation, while the normal control group belonged to grade 0 (Fig. 2) . After reverting to normal diet, hepatic tissues of animals were grade 2 fatty livers and grade 1~2 inflammation.
Improvement was even better with AP supplementation. When we discuss health-promoting effect of AP, polysaccharides are always addressed as chief active compounds.
Discussion
According to our laboratory data, the AP had 90% dietary fiber, including 74.0% soluble and 22.6% insoluble fibers; thus its action cannot be neglected. According to prior studies, about 5~10% (w/w) fiber in the diet, an average of 1~3 g fiber intake,
can effectively improve symptoms of fatty liver disease by insulin regulation, antioxidation, and lipid-lowering action [19] [20] [21] . Effect of high fibers could also be shown as decreased food efficiency in our study. While it successfully regulates and decreases all the above-cited categories, 10% β-glucan did not decrease TNF-α expression in obese Zucker rats [22] . Compared to the normal (RN) group, extra fiber content in AP groups were no more than 0.4725 g (with average intake of 0.525 g of the AP), and lipid-lowering, glucose-homeostatic, antioxidative and also anti-inflammatory effects were seen in the study. These phenomena imply that the power of AP might emanate from fiber content and depend on its abundant polyphenols, especially tannins. Main phenols in AP were gallic acid, tannic acid, and protocatechuic acid [13] . Tannins in AP, rarely discussed in previous studies, are first emphasized our study. However, anti-inflammatory-related effects of phenols were often investigated. Other than raising GSH levels and lowering IL-6
and TNF-α, above-mentioned AP phenols might work via superoxide clearance and monocyte chemotactic protein Expression of CYP4A increases when peroxisomal lipid peroxidation occurs in mitochondria [29, 30] . Under PPAR-α stimulation, CYP4A regulates long-chain fatty acid oxidation, and elevates hydrogen peroxide to cause cell damage and fatty liver formation. Overexpression of PPAR-α was observed in NASH patients [30] . In the present study, benefit of CYP 4A
was not seen in normal-diet or AP-supplemented groups.
Further studies must clarify action of AP on microsomal fatty acid oxidation.
Clinical studies show NASH patients with phenomenally high TNF-α expression than those with other fatty liver disease [31] . TNF-α released by visceral fat accelerates NAFLD progression and activates its receptor to cause hepatic fat to accumulate. Increased oxidized FFAs induce a hepatic kinase (IKKβ) pathway, then secrete TNF-α and IL-6. Eventually, both cytokines might postpone the signaling pathway, triggering insulin resistance [32] . This portends AP effectively removing two hits in a NASH animal model. If we convert effective dosage in the study for human usage, 1.5 g/kg BW in rats might be equivalent to 0.24 g/kg BW for humans. Taking extraction rate into consideration, a 60 kg man would ingest 144 g dry AP powder, though crude powder without proper purification had lower polyphenol, tannin, and flavone levels. APE shows definite potential for new functional food ingredients.
Conclusions
This study proved supplementation with AP effectively mitigating two-hit factors of NAFLD and postponing disease progression. Future research can focus on health benefits toward metabolic syndrome, type 2 diabetes, and related metabolic disorders. Studies of active components in AP are also needed for health food development.
